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1#  Teats  of  rod-producing  warheads  have  indicated  that  rod-like 
fragments  beooas  increasingly  difficult  to  obtain  in  high  length/ 
width  ratios  as  fragment  velocities  rice  above  the  4000  ft#/oac# 
range#  Thic  teat  is  the  first  of  s series  planned  to  further 
investigate  thin  phenoaonon# 

2#  Under  tha  conditions  of  this  teat,  3/8**  oquaro  rods  of  6-1/2** 

and  12-1/2*  lengths  vers  enrolled  i’rcn  cylindrical  kiriioado  at 
avc-rago  velocities  of  3430  ft#/«ea#  and  3595  £t#/eoc.,  respectively# 
Thu  only  breaking  of  tho  rods  occurred  at  the  citrous  orda# 

3#  f.  mtallurgical  onr.ninntion  of  tha  redo  re  a conducted#  inciting 
s d^tuvr  inr.bioii  of  tha  fcaruneoa  path era  or;t ending  through  the  red 
fron  t&o  esplooive  face  to  tho  o^nolto  oido#  A conolC-rc.Mo  iu  3’isit 
of  cald  ‘.rerking  of  the  rod  jr.atarinl  io  evident# 

4#  Tho  design  of  the  trarho-vi  will  be  ctri  ged  for  future  v.-arh  to 
nor*  nearly  approximate  a "freo-rod*  varhsad# 
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1.  AUTHORITY* 

Thia  tost  was  authorised  by  roference  (a)  and  conducted  under 
Taak  Assignment  Nos#  NPG-Re3d-442-l-52  and  NPG-Re3d-442-l-53* 
established  by  references  (b)  and  ( c), 

2*  REFERENCES* 

a*  DUORD  Conf  ltr  KP9  ko3d-AM*be  Ser  9607  of  29  June  1950 
b.  BUORD  Conf  ltr  HP 9 UOd-tfKB:ha  Sei-  23908  of  4 August  1951 
o«  BUORD  Conf  ltr  HP 9 Ro3d-AM*bc  Ser  42653  of  29  July  1952 
d«  NPG  Conf  Report  No*  1106  (To  be  published) 

e*  NPG  Conf  Report  Ho*  949  of  1 April  1952 

f.  IIPO  Conf  Report  Ho.  979  of  9 Hay  1952 

g.  NPG  Conf  Report  Ho.  1009  of  14  July  1952 

3a  BACKGROUND  AMD  OBJECT  OF  TEST* 

Tosts  of  rod-producing  warheads  by  the  Naval  Proving  Ground 
and  othor  activities  have  indicated  that  rod-liko  fragments  become 
increasingly  difficult  to  obtain  in  length/width  ratio*  of  24  or 
higher  as  velocitiea  rise  abovo  the  4000  ft#/soc.  rango  (refer- 
ences (•),  (f),  and  (g)). 

Further  investigation  of  thia  phenomenon  indicated  that  while 
tapered  rode  would  hold  together  at  eoaovhat  higher  velocitiea 
than  would  the  usual  rectangular  rod,  the  performance  at  velocities 
propoood  for  nieoile  warhoedo  was  not  yiolding  doeign  length  rods* 

If  this  difficulty  were  insurmountable,  the  warhead  designer  would 
bo  loft  with  two  (2)  alternatives j to  reduce  tho  initial  volocity 
of  the  fraguonts  to  that  which  would  produce  design  length  frag- 
ment a,  or  to  dooign  the  varhoado  for  rod-like  fragments  of  length/ 
width  ratios  of  as  low  as  5 up  to  possibly  12, 

To  aid  in  resolving  thia  problem,  it  was  desired  to  socuro 
information  concerning  tho  break-up  of  rectangular  rods  expelled 
under  optimum  conditions  at  varioua  velocities* 

Tho  Naval  Proving  Ground  has  designed,  fabricated,  and  fired 
the  first  model  of  a warhead  designed  to  give  some  indication  of  the 
optimum  obtainable  longth/vridth  ratios  in  rod-like  fragments  from 
warhoade* 
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4.  DESCRIPTION  OP  ITEMS  UNDER  TEST* 

The  warheads  designod  and  fabricated  for  this  test  are  shown 
in  Figures  1-3#  inclusive* 

The  outer  wall  of  each  warhead  was  a single  row  of  rods,  do  do 
by  outting  3/8n  square  bar  stock  (hot  rolled  AISI  C-1C25  stool, 
as  recoivod)  to  the  desired  longth*  The  rods  fit  into  l/4"  doop 
grooves  in  the  uppor  and  lower  rings  and  were  voided  wlb  a single 
bead  (one  (1)  pass)  at  each  end,  around  the  outside,  to  insure 
rigidity  of  the  assembly* 

The  inner  vail,  forsing  the  central  void,  vao  fabricated  of 
20  gauge  ehcot  iron*  The  apace  between  the  outer  wall  of  rode  and 
the  inner  ehoot  iron  vail  vas  loaded  with  Conp-jflition  C-3*  Tho 
one  (1)  inch  top  spaoo  vas  also  loaded  with  Composition  C-3  after 
determining  the  omploeive  weight  in  tho  annular  space* 

The  empty  and  loaded  weights  ware  as  foil  oust 


Rd* 

Rod 

Ecpty 

Chg. 

> 

Chg. 

Top 

Chg.  Nt, 

Total 

Kfce 

lift* 

l!Zf’£ & 

J&WL- 

JteiSJv — 

$iL.y:b 

*''d 

1 

6-l/2« 

31.16 

lb. 

7.39 

lb* 

4.00 

lb* 

11.39  lb. 

42.56 

lb. 

2 

6-1/2" 

31*07 

lb* 

7.34 

lb. 

3.96 

lb. 

11.30  lb. 

48.36 

lb. 

3 

6-1/2" 

31.21 

lb* 

7.33 

lb. 

4.10 

lb. 

11.42  lb. 

42.61 

lb. 

4 

12-1/2" 

48,94 

lb. 

14.79 

lb. 

4.03 

lb. 

13.67  lb. 

67.31 

r«>. 

5 

12-1/2" 

48*75 

lb* 

14,90 

lb* 

4.11 

lb. 

19.01  lb. 

67.75 

lb. 

6 

12-1/2" 

48.80 

lb*. 

14.83 

lb. 

3. 69 

lb* 

18.72  3b. 

67.49 

lb. 
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5.  PROCEDURE* 

Eaoh  warhead  was  placed  vertically  on  a stand,  r or  7 fast  high, 
at  tho  center  of  the  30  foot  radius  fragment  velocity  arena*  The 
fragnont  velocities  were  obtained  by  photographing,  with  two  (2) 
high  speed  cameras,  the  detonation  of  the  warhead  and  the  subsequent 
impaote  of  the  fragments  on  the  steel  flash  plates  at  a distance  of 
thirty  (30)  feat*  An  1300  r,p,m*  synchronous  motor  clock,  and  a 
glow  lamp  and  a one  (1)  kilocycle  psr  eocond  generator  were  used  to 
establish  tho  film  rates  for  tho  cameras* 

A pack  of  cane  fiber-board  was  used  to  rscover  a sample  of  the 
rods* 

After  eaoh  round  the  steel  flash  platee  wore  photographed  to  . 

show  the  impacts,  and  tho  impacts  wore  then  narked  so  that  the 

Impacts  of  the  following  round  would  bo  dlotinguichable,  The  image 

of  tho  impact  hes  boon  circled  c<*  the  photographo,  co  that  the 

iapacts  for  a cinglo  round  aro  readily  diacorniblo  (Figure 3 6-17), 

» 

6,  RESULTS  AND  DISCUSSION* 

Detailed  velocity  data  aro  given  in  Table  I,  Appendix  (C),  Tho 
average  velocities  were  as  follows* 


Rd,  1 

Ed,  2 


Rd,  4 
Rd,  3 
Rd,  6 


6-1/2"  rods 
6-1/2"  rods 
6-1/2"  rods 

12-1/2"  rodo 
12-1/2"  rods 
12-1/2"  rods 


3560  ft,/ooo, 
3440  ft, /boo. 


3470  ft,/soo, 
3450  ft,/eoc. 


rolocity  uioood  becr.uso  of  failure  of 
photographic  ocjvlpuont. 


3600  ft,/cce, 
3600  ft«/eoe, 
3560  ft,/ooc. 


3630  fte/soc, 
3610  ft, /coo, 
3520  ft,/noc. 


Tho  average  valuo  for  tho  6-1/2"  rode  is  3400  ft, /coo,  end  for 
tho  12-1/2"  rods  3595  ft,/soo. 

The  impacts  on  tho  flach  plates  wore  noaaurod  after  each  round, 
and  theflo  Teacureraente  are  given  in  Table  II,  Appendix  (D),  Photoe 
of  the  plates  aro  included  ao  Figures  6-17,  inclusive.  The  rodo 
rocuvcro'i  from  the  cane  fiber-board  pack  are  ehom  in  Figures  10 
and  19* 


CONFIDENTIAL 
3SCUfti?X  INFORMATION 


CONFIDENTIAL  NPO  REPORT  NO,  1117 

Ballistic#  of  Rod-Like  Frayns nts 


The  impact  lengths,  as  measured  on  the  plates,  indicate  that 
a large  percentage  of  the  rods  were  either  tumbling  or  were  travel- 
ing with  the  long  axis  tiltod  at  random  angles  from  the  normal  to 
the  trajectory*  Hole  dimensions,  where  given  in  the  table,  indicate 
a complete  penetration  of  the  flash  plato  of  the  length  given* 


Neither  the  impacts  on  ths  plates  nor  tho  rods  recovered  indi- 
cate any  break-up  of  rods  oxcopt  at  the  extrema  ends.  The  combi- 
nation of  the  l/4n  deep  grooves  in  which  the  rod  ends  wore  placed, 
and  the  "oinglo-paea”  welding  bead  at  the  corners  formed  by  the 
rods  and  tho  end  plates,  offered  greater  resistance  to  the  release 
of  the  rods  than  was  ©xpootsd  or  desired,  Tiiio  caused  the  rods  to 
bond  and  nock  down  bofore  pulling  out  of  tho  upper  groove  and  tc 
break  at  the  veld  at  the  lower  end.  The  strength  of  tho  joint  at 
the  lower  ond  of  tho  rod  probably  accentuated  the  tip-off  of  the 
rods,  and  tended  to  causo  tumbling. 


It  was  originally  planned  that  thie  first  oat  of  warheads  would 
expel  rods  at  a volocity  where  it  was  fairly  certain  tho  rods  would 
be  of  design  length,  Tho  next  step  was  thon  to  be  a codification 
of  tho  procont  design  only  by  increasing  tho  tbicknocs  of  the  explo- 


sivo  annulus,  until  tho  xsxi&ua  velocity  for  dssicn  length  rods  was 


obtained,  Howavor,  tho  condition  of  tho  rodo  rccovorod  from  this 
first  firing  indicate  a that  tho  design  of  tho  v.?.rhcc.d  mat  bo  changed 
to  I'.oro  nearly  approximate  a "froo-rod^  vaxkcad  if  the  optlicun 
results  era  to  bo  obtained. 


0«o  (1)  of  tho  12-l/2rt  rods  recovered  frea  tho  fiber-board  pack 
wao  sectioned  at  a point  toll  removed  from  tho  ends,  A corice  of 
Knoop  hardnoflii  roadingo  two  token  acroro  this  esetion,  from  a point 
as  elooo  no  pocriblo  to  tho  rod  curfaco  which  had  been  toward  tho 
explooivo  to  the  opposite  olds.  The  value o obtainod  are  lifted  in 


Table  III  and  Piguro  23,  end  photo^lcro-.v.'.phs  of  the  red  grain 
iro  ir.nlnded  go  Insures  20,  21,  and  22,  Tho  hnrdnca 


structure  arc  ir.nlnded  go  Figures  20,  21,  and  22,  Tho  none  row  a of 
tho  rod  rente  rial  before  firing  was  Rockwell  D?7,  corresponding  to 
a Knoop  hardness  number  of  136  co  that  thora  is  cor.o  Jnorcuco  of 
hardneoa  throughout  tho  rod  thickness,  and  a r.axirvn  hardening  of 
apprcwlnatcly  200  Knoop  hardness  r.uriborj,  It  is  into  rooting  to 
note  that  this  hardness  pattorn  eloeuly  rooonbleo  that  obtained  in 
single  rod  firings  from  the  wrod  gun,**  os  shown  in  reference  (d). 
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Chemical  analysis  of  the  rod  material  indicated  the  following 
compositions 


,22  - .27 


•012  - .014 


.033  - .039 


21  M &L  & i Ma  & 

.16  - .18  .44  - .46  <^09  ^.08  <.06  .07 

Although  this  material  vis  ordered  as  AI3I  C-1020  steel,  the 
above  analyois  indicates  that  it  was  uotu&lly  C-102J  oteel. 

muL 

wviissm 

7,  Under  the  conditions  of  this  test,  3/8”  anv.nre  rods  of  6-1/2“ 
and  12-1/2”  longthn  wore  cxpollsd  from  cylindrical  t;arh«ads  at 
avorajo  velocities  of  34G0  ft./eoo.  and  3595  ft./oou*.  respectively. 
The  only  breaking  of  the  rods  occurred  at  the  uxtro.i  onds. 

A metallurgical  oxcnlnation  of  the  rods  sag  conduct  jd,  including 
a determination  of  tho  hardnoao  pattern  extending  through  the  rod 
from  tho  explosive  face  to  tho  opposite  oido.  A coaaidorabla  amount 
of  cold  working  of  the  rod  material  io  ovldont. 

The  dosign  of  the  warhead  will  be  changed  for  future  work  to 
more  noarly  approximate  a nfroe-rod”  varhoad. 
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3 5 nun  Fastax  Camera 
Rd«  1,  Camera  1 
6-1/2"  Rods 


im&jL 

lamEim  data 

4680  frames  per  sec# 


Frame  in  Which 
Hit  Occurred 


33 

39 

40 

41 

42 

43 


Median 

Average 
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14 

3 
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1 
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3700 

3600 

3510 

3420 

3340 

3260 


3530  ft./oeo. 
3560  ft*/ceo» 
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35am  F&stax  Camera 

Rd*  C&r.era  Z 

6-1/2"  Ro.ia 

Fr^me  in  '-Ihich 
Hit  Occurred., 

39 

AO 

41 

42 

43 

44 

45 

Median 

Average 


I^lgJLJfeaUiaaAl 

4680  frames  per  sec# 


U2xJ^&Z*&& 

7 

9 

2 

a 

i 

l 

l 


Ve?  ncltv.  ('/*1 
3600 
3510 
3420 
3340 
3260 
3XV0 
3120 

3440 

3470  r&i>/-«a# 
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35cm  Fact ax  Camera 
nd#  2,  Camera  1 
6-1/2**  Rods 

Frame  in  Which 

jU,liL£sm2dL. 


I&ui 


p*«fl  n 


4670  frames  par  eso* 


3590 

3500 

3420 

3340 

3260 

3100 

3110 


llcdiftn 

Avoras* 


3420  fto/sac#* 
344O  £i  */<?:>  8* 
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Photograph  of  Ri«ht*band  Plaah  Plata  aftar  Round  5. 
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Photomicrograph  of  crosa-aecticn  of  rod  after  firing.  Explosive 
face  Is  at  the  left.  Dark  band  at  the  right  la  the  soft  region* 
(Nital-plcral  etch,  l£X). 


Figure  20 


1 Docenber  1952 
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KP9-51549  A uoceroci-  *7?  SEOURIW  INFORMATION 

Photomicrograph  of  severely  worked  portion  of rod  (left-hand 
Bide  of  Figure  20)  showing  considerable  effects  of  oold  working* 

The  dark  grains  are  peorllte,  tho  llcht  grains  ferrite  (Hltel 


etoh,  1000X). 


Figure  21 


CONFIDENTIAL 


NPG  REPORT  HO.  1117 


Ballistics  of  Rod-Like  FYagmcnta 


Bureau  of  Ordnance 


Ad3 

Re2 

Ro3 

Re3d 


Chief  of  Ordnance,  Department  of  the  Army 
Attnt  ORDTX-AR 


Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen,  Maryland 
Attnt  Technical  Information  Section 
Development  and  Proof  Servieea 


Commanding  Officer 
Prankford  Arsenal 
Philadelphia,  Pennsylvania 


Navy  Research  Section 
Library  of  Congress 
Washington  25.  D.  C. 
(Via  BUORD  Re3d) 


Bureau  of  Ordnance  Technical  Liaison  Office 
Bell  Telephone  Laboratories 
Whippany,  Now  Jersey 


U«  3.  Naval  Ordnance  Test  Station, 
Inyokern,  China  Lake,  California 


Naval  Ordnance  Laboratory,  White  Oak 
Silver  Spring  19*  Maryland 
Attnt  Explosives  Division 


Commoner,  Operational  Development  Force 
U.  3.  Atlantio  Pleet,  U.  S,  Naval  Base 
Norfolk  11,  Virginia 


Plcatinny  Arsenal 
Dover,  New  Jersey 
Attnt  Technioal  Division 


confidential 
SECURITY  INFORMATION 


APPENDIX  0 


o 


CONFIDENTIAL 


Ballistics  of  Rod-Like  Fragments 


Institute  for  Cooperatir®  Research 
JHU/1315  St,  Paul  Street 
Viai  District  Chief, 

Philadelphia  Ord,  District 

1500  Chestnut  St,,  Philadelphia  2,  Pa, 

Attns  Mr,  Edward  R,  C,  Niles 


APL/JHU 

Silver  Springs,  Maryland 
Attns  Mr,  H.  S,  Morton 


Institute  \or  Air  Weapons  Research 
University  of  Chicago 
Chicago,  Illinois 

Vlas  Director,  Office  of  Naval  Research  Branch  Office 
John  Crerar  Library  Building  - 10th  Floor 
66  East  Randolph  Street 

Chicago  1,  Illinois  1 


Locals 


OTX 

OTZ 

OT-1 

OT 

File 


CONFIDENTIAL 
SECURITY  INFORMATION 


